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Myocardial perfusion imaging (MPI) both with exercise and vasodilator stress has been widely used for diagnostic and prognostic evaluation of patients with suspected or known coronary artery disease (CAD). Despite diagnosis remains a primary indication for CAD testing, risk stratification has become important in patients management. In fact, the established concept of guided care in the present era is linked to the concept of risk stratification using different imaging modalities. Accordingly, the optimal improvement in outcome may be achieved by linking high-risk imaging measures to risk-reducing therapies. 1 It has been demonstrated that among the different noninvasive imaging modalities available in the setting of CAD, MPI with single-photon emission computed tomography (SPECT) provides information about physiologic significance of flow-limiting disease leading to a global estimation of risk for major adverse cardiac events.
2 Different semi-quantitative or quantitative measures of myocardial perfusion abnormalities on stress-rest MPI are related to the risk of cardiac event over time. A wealth of clinical research has shown that the extent and severity of stress-induced perfusion defects are the powerful and predominant predictors of most post-MPI outcomes. [3] [4] [5] As risk of adverse events increases with the extent and severity of MPI abnormalities, patients in high-risk scan categories result at greatest risk for future cardiac events. It has also been demonstrated that post-stress left ventricular ejection fraction (LVEF) provides incremental information over extent and severity of myocardial perfusion defects for the prediction of cardiac death. 6 However, while LVEF predicts the risk of cardiac death, only quantitative measures of ischemia at MPI can identify the patients that will accrue a survival benefit from revascularization compared to medical therapy. 7, 8 Despite this certainty reached, relatively recent literature aimed to improve the knowledge on the relationship between MPI measures and prognosis, covering all the different aspects of myocardial perfusion and function quantification. Shaw et al 9 demonstrated that CAD risk may be optimally estimated by use of a combination of resting SPECT myocardial perfusion, reflecting a patient's burden of disease, and SPECT with provocative ischemia.
CLINICAL USE OR REGADENOSON MPI
Regadenoson is at present the only selective adenosine A 2A receptor agonist commercially available for stress MPI, and its development has contributed significantly to understanding the adenosine action mechanisms and its vasodilator effect on the coronary circulation. Regadenoson low affinity for the A 2A receptor explains its short duration of action (B5 minutes), an advantage as it avoids unnecessarily prolonged vasodilation. The duration of action of regadenoson is adequate to allow for adequate extraction of the tracer by the myocardium. 10 In experimental data, peak increase in coronary blood flow by regadenoson seems to be similar to that induced by adenosine, but lower concentrations of regadenoson are needed for any level of blood flow increase. 11 Other studies demonstrated that regadenoson leads to significantly greater coronary arteriolar vasodilation and consequently higher myocardial blood flow than adenosine causing vasodilation, vasodilator agent with more sustained hyperemia compared to adenosine. 13 The major features of regadenoson as pharmacological stress agent are that dose calculation is not required, no continuous administration requested obviating the need for an infusion pump, and a higher patient's side-effect profile tolerability. Improved tolerability to stress and simplification of stress-testing protocol are the major advantages associated with the clinical use of regadenoson. Accordingly, the demonstrated safety associated to its use in patients with chronic pulmonary disease as well as in patients with renal and liver disease affords greater availability of stress MPI to virtually all patients with suspected or known CAD.
14 Multicenter randomized trials have demonstrated that regadenoson is non-inferior to adenosine for the detection of reversible perfusion defects. 15, 16 In particular, applying a quantitative analysis of SPECT MPI data, regadenoson provided similar results as adenosine regarding the total LV perfusion defect size (PDS). Importantly, it has been demonstrated that regadenoson induces perfusion abnormalities similar to those observed with adenosine irrespective of patient clinical characteristics or cardiac history. 17 Thus, it has been suggested that regadenoson provides comparable diagnostic and prognostic SPECT information to that obtained with adenosine across heterogeneous patient populations. 15 More recent data reported that patients with normal regadenoson MPI (normal perfusion and LV function) have a low incidence of major adverse cardiovascular events during a 2-year follow-up, similar to those studied with adenosine in a cohort of propensity-matched patients. 18 Low risk associated with normal regadenoson SPECT MPI provided important knowledge regarding patient management after testing, in respect of one of the principles of risk stratification that is to defining clearly patient cohort with improved outcome. Moreover, patients with a normal heart rate response had a relatively low-annualized total mortality and heart rate response determined a net reclassification improvement when compared to traditional MPI findings. 17, 19 The use of the change in heart rate in response to regadenoson provides the opportunity to better stratify patients in the setting of both normal and abnormal MPI findings.
In this issue of the journal, Hage et al 20 evaluated the prognostic value of automated quantification of perfusion abnormalities by regadenoson SPECT MPI. The authors studied 1,400 patients referred to MPI with regadenoson as stress test. Patients with abnormal perfusion imaging at quantitative analysis (% abnormal myocardium) were followed within 2 years, for the occurrence of outcome events (primary outcome) including cardiac death, myocardial infarction, and coronary revascularization procedures. The results showed that cardiovascular risk increases according to the extent and severity of myocardial perfusion defect. In particular, it has been observed a graded relationship such that as PDS worsened event rate significantly increased, both considering primary outcome (composite endpoints) as its individual components. The same relationship has been observed between % ischemic myocardium and the outcome endpoints. More important, both PDS and % ischemic myocardium demonstrated an independent association with the primary outcome. In the study of Hage et al, 20 multivariate analysis helped to define the independent contribution of any set of variables in estimating adverse cardiac events providing a powerful contribution to define the prognostic value of regadenoson SPECT MPI in a non-selected patient population. To completion of MPI results evaluation, abnormal LV function was independently associated with an increased risk of cardiac death. Hence, the study of Hage et al 20 is important to integrate and delineate the clinical use of new pharmacological stress agents also for prognostication of patients with suspected or known CAD. The powerful of these data might have important clinical implications considering that each of the prognostic variables obtained by a specific imaging modality should confer a determinant contribution in guiding patient management.
Regadenoson has beginning to be used also for positron emission tomography (PET) MPI. Published studies validated the use of regadenoson for quantitative absolute quantification of myocardial blood flow and coronary flow reserve by 82 Rb PET and demonstrated that regadenoson is a suitable alternate to dipyridamole or adenosine stress testing in clinical practice. [21] [22] [23] In particular, regadenoson-induced stress myocardial blood flow and myocardial blood flow reserve at 82 Rb PET MPI resulted quantitatively equivalent to dipyridamole in patients with normal PET images. 21 Including also patients with abnormal findings it has been observed an overall high degree of correlation between the paired dipyridamole and regadenoson stress perfusion, changes in stress and rest perfusion, LVEF, LV volumes, and change between stress and rest function. 22 Accordingly, regadenoson stress PET MPI showed a good diagnostic accuracy in the detection of obstructive CAD. 23 Recently, it has been demonstrated the evidence for the use of regadenoson as the primary agent for fractional flow reserve measurement 24, 25 also in consideration of its effective hyperemia. However, despite the higher myocardial blood flow induced by regadenoson compared to adenosine, 7 these two stressors produce similar pressure-derived fractional flow reserve. 26 Probably, the next step should be to verify the prognostic power of regadenoson PET MPI also in comparison to adenosine to better elucidate the capabilities of this new tracer in evaluating the absolute quantification of myocardial blood flow and coronary flow reserve. The acquired evidence will help us to better address to nuclear-guided patient management strategies.
